Purpose The beneficial effects of liquid humus applied to plants are well reported in the literature; however, studies of liquid humic application in the production and quality of garlic culture are practically nonexistent. The objective of this work was to evaluate the effects of foliar application of a liquid humic extract from vermicompost (HEVC) that is well characterized by solid-state 13 C NMR on garlic production and fruit quality under field conditions. Methods After 45 days in the field, garlic plants received foliar applications of HEVC at three different dilutions: 1:40, 1:60 and 1:80 (v:v). Humic substances (HS) in HEVC were characterized by 13 C NMR CP/MAS spectroscopy. At 125 days after planting, the plants were collected, and growth and production parameters were determined: quantity of garlic cloves, fresh and dry bulb, diameter of garlic cloves and bulb, as well as parameters of fruit quality including caliber, firmness, acidity, brix, pungency, carbohydrate and protein contents. Results The structure of HS in HEVC is composed mainly of carbohydrates and peptides as well as lignin fragments, explaining the stimulus effects on plant metabolism. The foliar application of HEVC improves the productive, commercial and internal quality parameters of fruits when compared to the control treatment. The HEVC foliar application in 1:40 v:v ratio was the most promising treatment in terms of increases in fruit quality indices, promoting improvements in bulb caliber, numbers of garlic cloves and internal fruit content. Conclusion The foliar application of HEVC benefits garlic production and fruit quality. The use of HEVC can be a sustainable alternative within the small-scale garlic phytotechnology package.
Introduction
Healthy and environmentally friendly plant-based food production is a priority for researchers and academicians. Organic agriculture presents itself as an efficient alternative and although there are concerns about yield, more recent studies show that well-managed organic production can not only achieve yields similar to those produced by conventional agriculture but also control diseases and pests (Badgley et al. 2007; Crowder et al. 2010; Reganold and Wachter 2016) .
One of the most common practices in organic agriculture is the use of composted materials. These materials generate liquid humic extracts that are mostly composed of humic substances (HS), proteins, carbohydrates, amino acids and different macro-and micronutrients. Liquid humic extracts can be obtained from vermicompost produced from bovine manure, chicken litter, urban waste, sewage sludge and other natural and renewable sources (Warman and Anglopez 2010) .
The foliar application of these humic extracts in plants of alimentary interest has been shown to considerably increase their development and fruit production. These biostimulating effects can be attributed to the presence of HS that contains humic acid (HA) and fulvic acid (FA) molecules Canellas et al. 2015) . The HS has a supramolecular structural organization composed of chemical domains that allows root-level interaction with plants and exerts stress protection effects (García et al. 2012) , which increases the efficiency of nutrient uptake (Garcia-Mina et al. 2004 ) and stimulates growth through hormonal regulation (Mora et al. 2010) .
Foliar application of humic extracts has been shown to increase yield of maize crops, by both increases in quantity and size of the fruits (García et al. 2016a, b) . In lettuce crops, foliar application of liquid humus increased leaf area, amount of total proteins as well as the growth and overall development of plants (Hernández et al. 2015a, b) . Specifically, liquid humus obtained from vermicompost of cattle manure has been shown to stimulate agricultural yield in crops such as cucumber, rice and broccoli (García et al. 2013 .
Some crops have great importance to countries and regions. For example, garlic (Allium sativum L.) is highly consumed globally, leading to high demand in countries with a moderate climate (Uzo and Currah 2018) . Thus, while fertilizer consumption is high in these countries, intensive soil management is needed as yields often do not exceed 3 t ha −1 (Izquierdo and Gómez 2012) .
With this scenario, it is necessary to search for ecologically sustainable alternatives that increase both the amount of garlic production and quality of the fruit. Since these alternatives are not clearly reported in the literature at present, it is difficult to introduce liquid humus into a plant breeding package for garlic production. Taking these elements into consideration, this study aimed to evaluate the effects of humic liquid extract (liquid humus) that is well characterized by solid-state 13 C NMR and obtained from vermicompost of cattle manure on the production and quality of garlic crops via foliar application at different dilutions.
Materials and methods

Experimental area and sowing conditions
The experiments were carried out on the farm "Conformidad", located in the municipality of Alquizar in Artemisa, Cuba, during October 2017 and February 2018, which is planting season. Planting was performed manually, where previously selected garlic seeds were placed at an approximate depth of 3.0 cm in simple beds constructed at a distance of 1 m between the beds. Each bed was prepared with two rows of garlic seeds at a distance of 20.0 cm between the rows and approximately 10.0 cm between the seeds (Fig. 1) .
The experimental design followed the assumptions of the Latin square design. The soil of experimental area is classified as typical Red Ferralitic according to the Cuban classification (Hernández et al. 2015b ) and had the following characteristics: Ca 2+ (11.53 cmol kg −1 ), Mg 2+ (3.60 cmol kg −1 ), Na + (0.05 cmol kg −1 ) and K + (0.62 cmol kg −1 ); pH = 7.20; OM = 3.87% and P Available = 29.7 mg P 2 O 5 /100 g.
Foliar application of liquid humic extract (HEVC) was performed 45 days after plantation through the application directly onto the leaves when the plants' sixth true leaf had already emerged. Three different dilutions-1:40, 1:60 and 1:80 (v:v)-of HEVC were applied in addition to the control treatment without HEVC application . A manual sprinkler was used for foliar application.
Obtaining and characterization of liquid humic extract from vermicompost (HEVC)
The HEVC was obtained by extracting a basic medium of HS from the vermicompost of cattle manure. A mixture of (NH 2 ) 2 CO/KOH/KH 2 PO 4 with 1:10 (w:v) ratio was added to the vermicompost and stirred for 4 h. Subsequently, the suspension was centrifuged, and the liquid phase was filtered and stored for further application. The HEVC had the following characteristics: HA = 12.02 mg kg −1 , FA = 13.54 mg kg −1 , OC = 52.4 mg kg −1 , Na = 2.4 mg kg −1 , K = 38.33 mg kg −1 , EC = 9.46 mS cm −1 and pH = 7.30.
Structural characteristics of HS compounding the HEVC were determined spectroscopically using the magnetic resonance technique of carbon-13 with cross-polarization and rotation of magic angle ( 13 C-CP/MAS-NMR). For this, a quantity of HEVC was lyophilized and subsequently analyzed on a Bruker AVANCE II NMR spectrometer equipped with 400 MHz and a 4-mm Narrow MAS probe at 100.163 MHz. The spectra were performed in triplicate with regions of peak signaling and relative quantification divided as follows: alkyl C (C Alkyl -H,R) at 0-45 ppm, methoxyl and N-alkyl C (C Alkyl -O,N) at 45-60 ppm, O-alkyl C (C Alkyl -O) at 60-90 ppm, C Alkyl -di-O (anomeric) at 90-110 ppm, aromatic C (C Aromatic -H,R) at 110-140 ppm, O-aromatic C (C Aromatic -O,N) at 140-160 ppm and carboxyl C (C COOH ) at 160-190 ppm. The spectral average was obtained by descriptive statistics through analyzing the pure spectra data in Unscrambler 10.4 CAMO Software AS (Oslo, Norway).
Determination of productive parameters
At the time of harvest, approximately 125 days after planting, a total of 40 garlic plants were randomly selected in each trial group for analysis of the following parameters: plant height (cm), internal and external quantities of cloves in bulb, fresh mass and dry mass of internal and external bulbs (g), diameter of garlic bulbs (cm) and diameter of bulb (cm).
Determination of fruit quality parameters
Quality parameters were evaluated considering the internal and external parts of the fruit. The evaluated external parameters were the caliber and the firmness. Following the methodology proposed by Burba (1993) that allows a classification level of 3, 4 and 5, the caliber was determined by measuring the equatorial diameter of the bulb. The firmness of garlic bulbs, expressed as kilograms (kg F), was determined using a CEMA-08 Digital Penetrometer, which measured the compressive force exerted until the garlic clove structure ruptured.
The internal parameters were measured by liquid extracts from peeled garlic cloves which were manually macerated and filtered through gauze tissue. Five different extracts constituting the five trial groups for each treatment were analyzed, for which the crude extract was diluted 10×.
Pungency was determined by the quantification of pyruvic acid content using spectrophotometry techniques and following the methodology of Benklebia (Benkeblia 2000a, b), Espinoza et al. (2010) and Grégrová et al. (2013) . A volume of 2 mL diluted garlic extract was added to 2 mL of trichloroacetic acid (5%) to deactivate the alliinase enzyme after which the mixture was kept at rest for 1 h. Subsequently, the mixture was centrifuged for 1 min and 1 mL of supernatant was added to 1 mL of 2,4 dinitrophenylhydrazine dissolved in HCl (0.125 g in 1 L of 2 mol L −1 HCl). The mixture was incubated for 15 min at 37 °C, after which 5 mL of NaOH (0.1 mol L −1 ) was added and then centrifuged for 10 min. Pyruvic acid content was measured by obtaining absorbance at 490 nm and the standard curve generated with sodium pyruvate. The results were expressed as mmol (pyruvic acid)/mL (extract).
The ºBrix parameter (total soluble solids) of the garlic extract was determined using a hand refractometer (HR-055). The electrical conductivity was determined using a Bentchop DDSJ-308A conductivity meter and the active acidity was determined using a pH meter PHSJ-3F. Total acids' content was determined by acid-base titration with NaOH (0.1 mol L −1 ) and using phenolphthalein as an indicator, with results expressed as percentages of citric, malic, tartaric and pyruvic acid, following Domene and Segura (2014) .
Total protein content, reducing carbohydrates and total carbohydrates were determined by spectrophotometric methods. Total protein content was quantified using the Biuret method, the standard curve was obtained with casein and absorbance was read at 540 nm. Reducing carbohydrates were determined according to the method of Noelting and Bernfeld (1948) using 3.5 nitrosalicylic acid, while the methodology of Scott and Melvin (1953) was used to determine the total carbohydrate content; finally, the standard curve was constructed using the glucose values obtained in both methodologies.
Statistical analysis of data
Data analysis was performed by simple variance analysis (ANOVA) and means of comparison were performed using a Tukey test at a 95% confidence level using Statgraphic program v 5.1 software. Principal component analysis was performed loading the averages organized in a 5 × 24 matrix using the Statgraphic Software v 5.1.
Results and discussion
Structural characteristics of HS in the HEVC
The 13 C NMR CP/MAS spectroscopy revealed the main types of carbon as well as the humic structures present in the HEVC; the spectrum is shown in Fig. 2 . The peaks located in the spectrum between 0 and 45 ppm (21.64, 26.98 and 34.42 ppm) indicate the presence of -CH 3 and -CH 2 (RC=O*-CH 3 ), corresponding to carbohydrate structures and polypeptide chains. The region between 45 and 60 ppm showed a peak at 52.48 ppm belonging to methoxy carbons (-OCH 3 ) and Cα, indicating the presence of polypeptide fragments (R-C=O-CH-NH). The presence of cellulose, hemicellulose and lignin fragments in HEVC was confirmed by peaks at 69.45 ppm, belonging to carbinols (-C-OH) and O-alkyl carbons, respectively. Other types of carbon that show the presence of carbohydrate and lignin fragments were confirmed by the presence of peaks approximately 101 ppm (90-110 ppm), corresponding to anomeric carbons (C Alkyl -di-O) and C 2 fragments of guaiacyl and syringyl. The structures responsible for aromaticity were identified by the presence of unsubstituted aromatic carbons marked at peaks approximately 129 ppm (110-142 ppm); these signals correspond to C1 of guaiacyl and syringyl fragments. The functionalized aromatic structures (C Arom -O,N) were identified from the presence of peaks approximately 145 and 148 ppm (140-156 ppm). A major peak at 158 ppm showed the presence of C Aryl -O-C Aryl structural-type fragments. However, the intense peak at 170 ppm confirms the presence of carboxylic acid structures (Deshmukh et al. 2005; Johnson et al. 2005; Baldock and Preston 1992; Inbar et al. 1990 ).
The relative quantity of different humic structures in HEVC is shown in Table 1 . Aliphatic structures in HS are predominant, indicating that 73.74% in HEVC is composed of peptides, carbohydrates and more lignin labile fragments. Aromatic structures responsible for greater recalcitrance in HEVC represent 26.26% of the total area in the spectra.
These structural characteristics present in HS contribute to guarantee HEVC bioactivity in plants. The potential bioactivity of HS in plants with these structural characteristics has been proven and reported in the scientific literature (Balmori et al. 2014; García et al. 2016a, b) . Lignin structures and lignin-derived fragments responsible for the aromaticity property in HEVC have the ability to stimulate root emission in plants (Balmori et al. 2014) . At the same time, it has been reported that both the presence of aliphatic and aromatic structures with low and high structural functionalization of the humic supramolecularity are responsible for Fig. 2 The 13 C NMR CP/MAS spectra average (brown) of humic extract obtained from vermicompost. R1 (black), R2 (blue) and R3 (green) are spectra replicates collected from different extractions 1 3 root growth and development as well as for the increase in productive yield (García et al. 2016a, b; Berbara and García 2014; Hernández et al. 2015a, b) .
Foliar application effects of HEVC on garlic production and fruit quality
Effects on productive parameters
Generally, the number of external cloves in a garlic bulb is greater than the number of internal cloves. Since internal cloves are smaller in size, both producers and consumers prefer bulbs with fewer internal cloves as the external cloves will then have greater size, thickness and height. Results obtained in this study showed that foliar application of HEVC significantly stimulated (p < 0.05) the main production parameters evaluated (Fig. 3) . The results showed that foliar application of HEVC significantly stimulated the number of external cloves per bulb (p < 0.05) (Fig. 3a) , fresh mass ( Fig. 3b ) and dry mass of external cloves per bulb ( Fig. 3c) (p < 0.05) as well as fresh mass and dry mass of the bulb (p < 0.05) (Fig. 3d ). For all evaluated parameters, the application of HEVC in dilution of 1:40 (v:v) ratio had the greatest stimulus when compared to control treatment.
While there are few studies reported in the literature showing the HS effects on garlic production indicators, our results show that the stimulus exerted by HEVC foliar application on the external mass of garlic cloves was larger than that reported by Izquierdo and Gómez (2012) for the criollo-9 variety (1.35-1.41 g) as well as that reported by Grégrová et al. (2013) . The mass of cloves is an especially important parameter because it is an indicator of the productive quality of the culture. Since the scientific literature does not establish quality ranges for this indicator, it is difficult to conclude the quality of production in this study; the values obtained here are smaller than those found by Izquierdo and Gómez (2012), yet they are higher than those reported by Pupo et al. (2016), which were collected in the planting seasons of 2011-2012 (18-23 g) and 2013-2014 (8-11 g) .
In the specific case of Cuba where this study was carried out, it is important to establish quality criteria because there are reports of disease attacks (Thrips tobacco Lin.) with incidence rates of up to 25%. Another issue is the typical tropical climate characteristics that presuppose specific edaphoclimatic conditions between harvests. Additionally, due to experimental barriers that do not allow comparisons of garlic quality indices, the few published studies on many occasions do not specify the application types or collection times, as well as the conditions under which the bulbs were analyzed in the postharvesting process (Izquierdo and Gómez 2012; Zaki et al. 2014) .
Effects on fruit quality parameters
Quality of the garlic bulb can be classified by its caliber (classification by the equatorial diameter of bulb), pungency (determined from the content of gallic acid in the extract) and quantity of total soluble solids (ºBrix) (Pardo et al. 2007) . Firmness is also a quality parameter previously reported in the literature (Pardo et al. 2007 , Grégrová et al. 2013 .
Effects of HEVC foliar application on the bulb quality parameters and those obtained from the garlic extract are shown in Table 2 . Results showed that all treatments applied to plants (1:40, 1:60 and 1:80 v:v) improve the fruit quality parameters when compared to the control treatment. Thus, for the parameters of bulb diameter, ºBrix and pH, the application effects were not significantly different between HEVC treatments (p < 0.05). The values of bulb diameter are within the range established in the literature for this same garlic variety (Izquierdo and Gómez 2012) and higher than those obtained by Pupo et al. (2016) when applying other biostimulants by foliar application, such as Ecomic ® and FitoMas-E ® , which both regulate plant growth and development.
Similar to results obtained for productive quality parameters, treatment of HEVC in dilution of 1:40 (v:v) rate improved the fruit quality parameters. Similar results were reported in biostimulant foliar application studies at similar HA concentrations, where the bulb diameter was stimulated in this study (Shafeek et al. 2015) .
According to Burba (1993) , a bulb diameter between 26 and 35 mm is classified as caliber 3, between 35 and 45 mm for caliber 4 and between 46 and 55 mm for caliber 5. The garlic variety used in this study can produce bulbs of caliber 3 or 4, according to Izquierdo and Gómez (2012) . While the present study did not produce bulbs of caliber 5, caliber 4 bulbs were produced in plants where HEVC treatments were applied (Table 2) .
Increased garlic bulb diameter due to HS application has been reported by several authors (Shafeek et al. 2015; Paradjikovic et al. 2014; Denre et al. 2014; Anjum et al. 2014 , Zaki et al. 2014 . Shafeek et al. (2015) reported the foliar application effect of HA on garlic cultivated under field conditions whereby plants treated with a higher concentration of HA produced larger bulbs. This result is in line with that found in this study, where the highest HS dose (HEVC 1:40) stimulated the largest diameter (Table 2 ). It is possible that HEVC has a positive effect on protein synthesis at the level of the RNA messenger (Trevisan et al. 2011) , acting as a carrier of carbohydrates through membranes and thus favoring bulb growth. Since the bulb is the more important commercial attribute of these crops, increased bulb diameter due to the application of humic extract has an important commercial and economic implication.
The ºBrix values found in this study were shown to be slightly lower compared to those reported in the literature (17.2-21.3 ºBrix) (Izquierdo and Gómez 2012) and to other plant varieties with values between 25.1º-29.4º (Grégrová et al. 2013) . This variability can be the response of plants to climatic conditions (humidity, temperature, precipitation, winds, atmospheric pressure, etc.) . As ºBrix indicates the quantity of carbohydrates in fruit extracts and juices, our results indicate that there should be no changes in carbohydrate content by the use of HEVC. On the other hand, the electrical conductivity is indicative of the total content of salts, as well as the acidic and basic ionizable substances. In the present study, foliar application of HEVC significantly increased (p < 0.05) the electrical conductivity (EC) values in garlic extract ( Table 2) .
The pH values found in this work remained in the range of 6.55-6.64, similar to those reported by Pardo et al. (2007) . These authors studied fourteen cultivars of garlic: five purple varieties (Moraluz, Morasol, Moratop, Mulvico and Planasa), seven of the white type (Basic, Corail, Christ, Garcua, Ramses, Supremo and Termídome) and two cultivars of the Chinese type (Chinese Planasa and Chinese Sprint). Other authors have reported lower values than those found in the present study for the varieties of Cincomesino, Barranquino precoce, Mapuri, Alfa suquia, Pata de perro and Barranquino tardio (Espinoza et al. 2010) . The variation in pH values is highly dependent on garlic origin, soil type, sowing site, crop management and environmental factors.
Variations in the quantity of organic acids for garlic extract can influence the taste of food, color and conservation quality; the citric, malic and tartaric acids were found in the highest content in different fruits and vegetables (Domene and Segura 2014) . In this study, acidity results are expressed as a percentage of pyruvic acid because when degraded, alliin, responsible for the odor and taste of garlic, produces this acid. Only the treatment of HEVC 1:40 was significantly (p < 0.05) higher than the control. In addition to organic acid content, organic compounds such as proteins and carbohydrates are related to the culinary, medicinal and insecticidal properties of garlic (Espinoza et al. 2010 ).
In the garlic trade, firmness of fruit is usually related to degree of maturation, and this relation which implies a lower fruit firmness will indicate a more advanced degree of maturity. For garlic crops, we do not find scientific references that establish quality parameters for this relationship; however, it is commercially accepted that a garlic bulb with greater firmness is more desirable for the market. Figure 4a shows the firmness of garlic bulb and clove in plants treated with different HEVC dilutions. For the bulb case, significant differences (p < 0.05) were found between treatments; the HEVC dilution of 1:40 (v:v) was significantly lower than the rest. Although these results may seem contradictory to the HEVC 1:40 treatment that produced a higher caliber and a low firmness, it is explained by the fact that larger bulbs are less compacted, and garlic cloves can be more easily removed.
In garlic clove case, firmness was determined as the maximum force supported by cloves when penetrated until their rupture point. No significant differences were found between HEVC treatments, suggesting that HEVC dilutions via foliar application in garlic plants do not cause changes in this quality indicator. In the consulted literature, firmness is evaluated by penetration in cloves over bulbs; thus, the values above 5 kg F are reported (Pardo et al. 2007; Grégrová et al. 2013) . The lower firmness found in garlic cloves compared to those reported in the literature may be result of studies carried out with other garlic varieties of higher caliber.
Pungency is another important indicator of fruit quality. When the bulb is damaged, the alliinase enzymatic action produces the conversion of the alliine (+S-allyl cysteine sulfoxide) into allicin, pyruvic acid and ammonia. Thus, the pyruvic acid content (pungency) corresponds to the alliin concentration, which corresponds to the odor and taste of garlic (Espinoza et al. 2010) . Figure 4b shows the results of pungency evaluated in the garlic extract of bulbs when different HEVC dilutions were applied to plants. The results show that foliar HEVC application promotes the stimulation of pyruvic acid production, with greater intensity in plants treated with the 1:40 (v:v) dilution, which is significantly different from the control treatment (p < 0.05) as well as other HEVC treatments. These results are in line with those obtained by Denre et al. (2014) , wherein the authors studied the effect of different concentrations (100, 200, 300 and 400 ppm) of commercial HA on pungency of the Gangajali variety of garlic and reported a significant increase of this indicator in addition to an increase of HA concentration.
Although the results in this study showing higher concentration exerted the most intense effects, a relation between HS concentration and the improvement effect should not be generalized. The authors, such as Denre et al. (2014) studying the effect of different concentrations (200, 300 and 400 ppm) of garlic commercial humic acid on pungency (var. Gangajali), reported a greater increase at 300 ppm dosage.
The protein content in garlic cloves is shown in Fig. 4c . All HEVC treatments stimulated the increase of protein content. The HEVC treatment at a 1:40 (v:v) dilution increased the protein content with greater intensity, while more diluted treatments (1:60 and 1:80 v:v) stimulated higher protein synthesis compared to the control. In any case, all treatments showed significant differences when compared to control (p < 0.05).
Another important indicator of fruit quality is the carbohydrate content. Both garlic and onion plants use polysaccharides as reserve substances, and they are the most important for the garlic fruit as they determine bulb quality (Argüello et al. 2006) . The results obtained for reducing carbohydrates and total carbohydrates in the garlic extract of bulbs when plants were treated with HEVC dilutions are shown in Fig. 4d . The application of HEVC did have significant effects (p < 0.05) on increasing content of reducing carbohydrate. The content of reducing carbohydrate was significantly higher in HEVC 1:40 v:v treatment when compared to control treatment.
Reducing carbohydrates have a potentially free carbonyl group in their structure, with all monosaccharides (glucose, fructose, mannose, etc.) and reducing disaccharides (maltose, cellobiose, etc.) included in this group of compounds. An effect of reducing carbohydrate content on leaves of corn plants treated with HS has been reported (Martínez et al. 2012; Canellas et al. 2013) ; while the glucose and fructose content decreased, the starch content increased concomitantly. Although no reduction in carbohydrate content was found in this study, a significant increase was found in total carbohydrates (Fig. 4d ).
Carbohydrate content in fruits is dependent on the agronomic and environmental conditions during the growth stage of plants; however, it has been reported that polysaccharide content in garlic plants is stimulated when cultivated in soil mixed with vermicompost in the proportion of 1:1 m:m (Argüello et al. 2006 ). On the other hand, the content of fructans in six garlic cultivars was dependent on harvest time, as fruit collected within an intermediate period presented a high concentration of fructans compared to those collected in an earlier and later stage (Espinoza et al. 2010) . 
Principal component analysis of the parameters evaluated
Principal component analysis (PCA) related parameters evaluated with each applied HEVC treatment (Fig. 5 ). The PCA (explaining 74.6% of the total variance) showed that in PC-1 (explaining 52.1% of the variance), positive values grouped the internal quality variables of fruits with the 1:40 (v:v) treatment as well as variables such as fresh and dry masses of cloves and electrical conductivity with the 1:60 (v:v) treatment. Negative values of PC-1 grouped the control treatment with bulb firmness and total carbohydrates at the 1:80 v: v treatment with the parameters of cloves firmness, reducing carbohydrates, pH and dry mass of bulb.
These results reaffirm the previous discussion where the foliar application of more concentrated HEVC has a direct effect on the internal quality of fruit, but it does not seem to evoke a response in the amount of carbohydrates and firmness of fruits.
The effects exerted by HEVC used in this study have a high amount of HS in its composition. The potential of the humic extract obtained from vermicompost to improve internal fruit quality has been reported in the literature (Caro 2004; Hernández 2010; García et al. 2016a, b) . Thus, HEVC can be an alternative for sustainable garlic production under small-scale conditions, as it could serve as a substitute for pest management and fertilization inputs (Pupo et al. 2016) .
Our results indicate that it is possible to include HEVC in a garlic production system, which could benefit biological productivity, agricultural productivity and fruit quality.
Conclusions
The HEVC applied to the garlic crop has a high amount of HS in its composition. Humic substances have a structure composed primarily of carbohydrates and peptides as well as modified lignin fragments. These structural features justify the positive stimulus effects on different forms of plant metabolism. The foliar application of HEVC improves the productive, commercial and internal quality parameters of fruits compared to the control treatment. The application of HEVC in the 1:40 (v:v) ratio was the most promising in terms of increases in fruit quality indices as well as promoting improvements in bulb caliber, garlic cloves and internal substance content in the fruit. HEVC can be a sustainable alternative introduced into the small-scale garlic technology package.
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